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16.Summary/Notes 

The purpose of this work was to siudg ike rf foots of 
tcmpciixture and errrCttante on the relatioe mgni r-ndc of reflcoiod cnercj and 
entittor energy from a tat^get including ainoophci-io effects. From ike 
calculations of energy reflected and mitied from a zarget including atmo- 
spheric effects using LOWTRAN S progx^n for Midlatitudc Su'rncr model, the 
following conclusions wci\i obtained: At q (energy emitted by a targe i,'\ 

energy i'eflectcd from it) «1 except at high teran-ratures o'ld for high ani t~ 
tance. At 4um, qis of the order of mag*iitude = l for most targets. >lt 4.6vm, 
q»l at high temperatures and high emittance. In addition, incident atmo- 
spheric emission reflected from the target was found to be negligible excep: 
for targets having low pen^ei'atuj'c and low emittance. Previously acquiiwl 
field spcctroradiomctrio data on sails in 4 to liin wci'c fnmd to agree 
closely with the theoretical calculations of reflected and emitted energy. 
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Abstract i ’i 

I • ; : 

» ♦ 

The purpose of this work was to study the effects of tem- 
perature and eraittance on the relative magnitude of reflected 
.energy and emitted energy from a target including atmospheric 
effects. From the calculations of energy reflected and emit- 
ted from a target including atmospheric effects using LOU’TRAN 
j3 program for Midlatitude Summer model, the following conclu- 
sions were obtained: At 3.5 ym, q (energy emitted by a target/ 
energy reflected from it) « 1 except at high temperatures ind 
for high emittaace. At 4 ym, q is of the order of magnitude = 1 
for most targets. At 4.6 ym, q >> 1 at high temperatures and 
high emittance. In addition, incident atmospheric emission re- 
flected from the target was found to be negligible except for 
targets having lov/ temperature and low emittance. Previously 
Wquired field spectroradiometric data on soils in 4 to 14 ym 
were found to agree closely with the theoretical calculations 
’of reflected and emitted energy. • * i 
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TKe~purposfe~bf“this"Vork"waS“t6 study the effects'of fem-'"; 
perature and enittance on the relative magnitude of energy rer 
jflected and energy emitted from a natural target, taking into 
^account atmospheric effects.., .In addition, previously acquired 
spectrorad iomStr ic, data': vet c^')compared' with . the theoretical 
MlcUtioM. 


* > I *i 

Determination of Atmospheric Transmittance •! 

‘ ■ . . i 

A literature review of the tcchni<pies for determining 
.transmittance of the atmosphere was done. There have been in~ 
'^numerable investigations from which methods arc derived for 
calculating atmospheric transmittance^. However, most of these 
are especially designed for, a singular purpose and not direct- 
ly useful to .the general conmiuhlty of persons interested in ' 
solving atmospheric transmittance problems. The ; general cate- . 
gories of calculations of atmospheric transmittance are: the 
direct integration or line-by-line method, the empirical meth- 
ods using one or two parameters and the multipar.-uneter analyti- 
cal methods. Even with the time-saving approximations applied 
fo the line-by-line calculation, the costs are of ten excessive. 
In addition, line-by-line calculation gives quite accurate re- 
'sults; however, cons.idering the magnitude of errors and uncer- 
tainties involxed in the multispcctral scanner ^ISS) data ap- , 
plicable to ea*th resources, such accuracy *.s really not re- 
' quired. Out of these categories, empirical methods arc most 
suitable for ca>*recting MSS data applicable to earth resources. 
Out of the empirical methods investigated, LOITTRAN 3 program^ 
'developed by t’”;* Airforce Geophysics Laboratories (formerly 
' Airforce Cambridge Research Laboratories) was found to be the 
most suitable for our purposed The LOWTRAN 3 program is strict- 
ly empirical and calculates the' transmittance (averaged over a 
0.014 pm interval) for a given atmospheric path from sea level 
'to 100 km in the wavelength range 0.25 to 28.5 pm for six mod- 
;cl^ atmospheres (1962 U.S. Standard Atmosphere, Tropical 
'(15** N), Midlatitudc Summer (45° N, July), Midlatitudc Winter 
’(45° N,' January), Subarctic Summer (60° N, July), and Subarc - 
jtic Winter (60° N, January) and two aerosol models based on measure- 
ments of continental aerosqls under moderate visibility condi- 
tions ( 5 km and 23 km at sea level). This program is reason- 
ably accurate, user oriented, computationally very efficient, 
jwell documented and revised by Airforce Geophysics Laborato- 
jries at regular periods of times based on recent laboratory 
Wasurements and theoretical calculations. Aggregate mathod de- : 
'vcloped by the Environmental Research Institute of Michigan is 
ialso suitable for our purpose but. this, method does not cover 
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|theiivisiblc‘wMv«lcngth Vegion, • in' "hot well documented «nd' is | 
.coMputstionally more time cotisviming then the LOWRAN 3 method.* 
,lOVrRAN 3 program accounts for molecular absorption, molecular' 
Scattering, and aerosol extinction. Refraction and earth cui-va- 
Iture effects are also included.' In addition to these model at- 
iBOSpheres,thr user has the option of inserting his o»**n model 
^ataiosphere f^pN^ci f icaliy designed for direct insertion of ra- 
diosonde dat.i) or of building .another model by combining vari- 
CKta p{ ‘ts of the six stan>taid tnvnlels. Tljo main assuraptions made 
in the model aro tliat the atiaosphere can he represented by a 
33 layer model, and that the average transmittance over a ! 
, 20 cm~i interval (due to molecv»lar absorption) can be repre- 
sented by a single parameter model of the form , 1 

I • - I i I 

.! T-/(cv«) ' (I): 

1 V I I 


• t 

is w.ivolcuRth (or wavomimbor) ciopondcut iibsorption 
coef f icicntr aind is .in 'Vquiva^ilont nbsovbcr •inu>unt** for tlio- 
utttKisphorio p;ilb, which is defined in trims ol prossnVi% tern-- 
prrnturci concrnti\ii ion of nbsorbor .ind an cmpiriciil const.iiit, 
h. The atmospheric const ilnonls considered •ire unifoimly mixed 


gases (COy, N O* CU^* 
roue mid Wiitcf Vdpoi^ c 


CO* «nd nitrogen* waiter vnpoi * 

ontinuuuu ^ 


I Method of ntion <mJ Results 1 

* t I 

I Kxperimen l*it enlibi\iled dntn of Kxotech Model ?0 C spec- 
. irorodiomoter ^Vsciibed in the Istcr p.*irt of the pnper) on 
corn plants tn^'ii during summer of 1972 in t he l\ivdiK' tUiiversi"* 
ty Agronomy For )* U\ I.^fnyelte, tndi«inn wet nvdi l*iblo* The so- 
la*ir cneigy incident on the t.-irgot was cnl^uKited knowing the 
jtenith Angle o/ the sun ait the time of Acquiring specti c'Adic> -- 
metric dntA ,ind iipplying corrections for Atmospheric eftcets 
using the LOUTRAN 3 progrAm for ' the MidlAtitude Sui\mer Model* 
Assuming diffii.o reflcctAiico And emitlAiice of the tArget And 
Applying Kirchhoff^s Law* the energy reflected A\id omitted 
from the tArget was CAlculAted for rAnges of ter.pirAt tire And c- 
piittanco of 230 ^V to 330 '^^K And 0*20 to 0.90 respectively At 
3*5 pm, 4 pm And 4*6 pm* The plot of rntio a the s* lAr energy 
'reflected from the tArget to the energy emi t ted the tArget 
(p) At 3.5 pm is plotted .ngAinst tempeiAtuie of the tnrgct in 
^'ig. 1 . eonelnsions Are obtAinod for most ii.itu- 

r nl tA ! gets in the t emper At iti e iniervAl 0 to 40 C. V ig* T” 
shows tliAt the energy reflectod from a iiAturAl tArget is con- 
sidevAbly more thAii tlie energy emitted by it. However* the en- 
ergy emitted by the tArget cAiniot be neglected compAied to the 
energy reflected from it except At extremely low temperAturos 
•-md for low cmittAuce* Note thnt in Figs. 2 And 3 , q (q •» l/p) 
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\]plbtted/ instead ' of as Fig.v i;r Fig.‘*-2 shows ' that both I 
tthe energy reflected as well as emitted from a target should 
be taken into account at~4 iim. This is why it is difficult to • 
interpret aircraft ahd/or satellite data around this wave** 
jlength. Fig. 3 shows that although the energy ^reflected from a 
target is smaller as compared to -the energy emitted from it, 
the ref lected , energy ! cannot be safely, neglected except at high 
temperatures and high omittance. For a given temperature and 
cmittance, an enormous change in the value of p in Figs. 1 
■ to 3 should be noted. > ! 

j. ■ • ■ ’i 

I To create an illustration of the incident atmospheric 
* emission reflected from the natural target, the downward spec- 
tral *r ad iance from a clear sky was calculated for the Mid- 
latitude Winter Model at 8 pm using the following equation: 

^ Ivpo Sofic^ • - - 

h (X> = I L.. (X, TJ c,(X) T(X). 

i-l bb 1 r . ig . ; 

whore summation is done for 33 layers of Midlatitudc Winter 
hlodcl I ; 

’'i> “ blackboJy spectral radiance at vsivelcngth X 

and temperature 1\ [ 

T. “ tcmpcv*nurc of the layer of the atmos- 
phere I * 

I { 

T (^)io ” transmission of the atmosphere from i*‘*' 

layer to "ground 

r. (X) « a.(X) [Kirchhof f *s Law where a*(^) spec-* 

tral absorptancc| 

I ‘ 

i(X)j_ and a.(X) wore calculated using LOUTRAN 3 program. 

Assuming diffuse reflectance and cmittance of the target and 
applying Kiiohboff's Law, the incident atmospheric emission 
reflected from the target and energy emitted by the target were 
calculated for ranges of temperature and emittanco of 230**K to 
330°K and 0.2 to 0.9 respectively. Fig. 4 shows a plot of q (radia- 
tion emitted by the target to the incident atmospheric emission 
reflected from the target) at 8 pm vs. temperature of the tar- 
.'gcC (T) for values .of. emittauce ranging from 0.2 to 0.9. It 
shows that the incident atmospheric emission reflected from the 
target can be neglected as compared to the energy emitted by 
. the target for most natural targets. However, for targets 
naving low temperatures and lo.w cmittance, incident atmospheric 
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Fig. 1 Relative magnitudes of 
reflected solar energy 
and emitted energy from 
a target at 3.5 pm 
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Fig. 2 Relative magnitudes of 
emitted and reflected 
solar energy from a 
target at 4 pm 
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3 Relative magnitudes of 
emitted ^nd reflected 
• solar energy from a 
target at 4«6 pm 
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Relative jmagnitudes of 
energy emitted by the 
target and incident 
atmospheric emission 
reflected from the 
_targct..at_8_pm ! 
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c^&jssloanre^ettrcdiyfrom \tiieiitarget. nay: notr.becsafVfy negiectecQ ‘ 
Calculations ~of*'inci(lenVatimd^phefic cmi'ssibni' for" many nodcl" i 
Wtnbspheres' iiT'chV'thernal infrared wavelength' region are being 

^one. I . . .it 


Corfparison ? & o^ticalSculations 

• with Experimental Results 


L As pointed out earlier, previously acquired spectroradio^; 
ric data on com plants and' soils, in the wavelength ranges' j 
. ^.8 to 5.6 pro and 7 to 14 ym,were available for comparing thc-^ 
bretical calculations with the experimental results^. These 
experimental data were acquired by the Exotech Model 20-C ; 

Wpectroradiomcter. The Exotech .Model 20-C spectroradiometer is 
a rugged field instrument which has four circular - variable - 
filters. to provide, spec tr.al, resolution s(AX/l)_,of approximately,; 
jtyo percent^.* • This instrument is ideally suited to the rig- 
Jors of a field environment, embodying sealed circuits for pro- 
tection against dust and condeiisation, modular construction 
modules for simplified maintenance, and operational features j 
|bo .reduce the time necessary to secure data. The instrument ' 

my be operated as two separate unit's: the short wavelength 
j(SWL) unit and the long wavelength (LWL) unit. In this study, ! 
. only the long wavelength unit (UA.) responsive to radiation in! 
!the wavelength vanges 2.8 to 5.6 ym and 7.0 to 14 ym was used. 
|.his spectrorad. qmeter has two remotely selectable fields of 
views (F.O.V) - •• 0.75 and 15®.', In this study, the experimen- ' 
cal data was obtiined with a F.O.V. of 15 . The Hi-Ranger mo-': 
■bile tower was • sed to lift the LWL head to about nine meters ; 
above the groun-. The control'electronics , recording equipment, 
and other data recording insttuments are located in the in- ; 
*strument van. Farther detailss’of the Exotech Model 20C spec- 1 
jtroradiometer are available in Robinson et. al.^ and Silva et.j 
al.5 These data had been carefully calibrated in the field j 
conditions. A data processing software system for calibrating ' 
spectral radiance and spectral radiance temperature of these 
data was available^ > I ' i 


As pointed out earlier, the solar energy incident on the 
target at the time of acquiring spectroradiometric data was 
.calculated taking into account atmospheric effects using . 
LOWXRAM 3 program for Midlatitudc Summer model. Calibrated 
'spectroradiometric data on Russell Silt Loam Soil taken during 
.summer of 1972 in the Purdue University Agronomy Farm, W. 
tafayette, Indiana were available.^ The contact temperature of; 
|the soil measured by precision thermistor thermometer at the 
'time of acquiring spectroradiometric data was available^.. As- 
suffling..thc soil-to..havc..a diffuse emittanpe of 0.9,. knowing 
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tliVT- contact'- •tcmpcMture'^bl; the /vand' calculated 'value of 


incident solar, energy, calculations_o£ energy reflected as well 
'as emitted from the soil were done using Kirchhoff's law. | 
jlhcse values are compared with the experimental results of Che i 
spectroradiometer in Table 1. Table 1 shows that there is an |, 
(excellent agreement between.-;thc experimental results and theo-. 
retical calculationsjin- the,- wavelength intervals 3.6 to 3.9 pm' 
and 3.9 to 4.15 pm. In 4.5 to 4.8 pm, 4.8 to 5.1 pm and 5.1 toj 
j5.4 pm, the theoretical calculations give values a bit smaller, 
than the experimental results because the' incident atmospheric. 
, jmnission reflected from the soil was not included in the theo- 
retical calculations. In addition, the spectral emittance c£ 
]the soil was not known and assumption of gray emittance of 0.9. 
is questionable. In 3.6 to 3.9 pm and 3.9 to 4.15 pm, the inci-; 
'dent atmospheric emission reflected from the soil is expected | 
to be very small as compared to the solar energy reflected 
^lus emitted from it, '.and .-thusSthere.i-isr.a. close agreement be-.; 
tween the theoretical and experimental results in these wave-' ! 
length intervals. . ! ! I 


! . . ' * I 

The work presented here helps in understanding interac- 
tion of radiation with the natural targets. It has application. 
|to the gehe^’a! area of remote sensing of agriculture and earth 
resources for it gives an estimate of the relative magnitudes 
jof energy refl.>cted and emitted from a natural target. The au- 
:hor gratefully acknowledges the assistance of Dr. Celso de 
Renna e Souza ^2 Institute de Pesquisas Espc'ciais (INPE / CNPq) 
for his assistcrcc with this work. • ' ! i 
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